INTRODUCTION
Candida sepsis (CS) has demonstrated an increased incidence, especially in very low birth weight (VLBW) infants. From only 40 reported cases (1964 to 1984) of systemic CS in VLBW infants, the reported incidence increased from 4.5% in the 1980s 1 -4 to 10% in extremely low birth weight (ELBW) infants in the 1990s. 5, 6 This increase in the incidence of CS in ELBW infants may be a consequence of increased survival of extremely premature infants. Impaired immune defense mechanisms, 2, 7 frequent and prolonged antibiotic use, and multiple invasive procedures such as long-term intravenous central catheters 3, 4, 8 have been implicated in the increased predisposition of premature infants in developing Candida infection.
Improved survival rates among infants with birth weight <750 g is associated with an increased incidence of chronic lung disease. Dexamethasone is widely used in this population of infants in an attempt to minimize the magnitude and duration of ventilatory support, and to decrease pulmonary morbidity. However, dexamethasone use in premature infants is associated with numerous metabolic, cardiovascular, and infectious complications. 9, 10 Dexamethasone is known to alter phagocytosis, 11 reduce the circulating lymphocyte subpopulations, 12 inhibit the cytokine responses, 13 and impair cell-mediated immunity in premature infants. 14 Because both humoral and cell-mediated immune responses are required in the host defense against CS, we hypothesized that dexamethasone use would increase incidence of CS in preterm infants. We further hypothesized that prolonged antibiotic therapy in infants who receive dexamethasone would also lead to an increased predisposition of these babies to Candida infection. The above hypotheses were tested using a retrospective study design in preterm infants with a birth weight <1250 g.
METHODS

Study Design
A case-control study was performed to determine the relationship between dexamethasone use and CS in preterm infants. All infants with a birth weight <1250 g and admitted to the neonatal intensive care unit (NICU) of the MetroHealth Medical Center (MHMC), Cleveland, Ohio between January 1, 1996 and December 31, 1999 were studied.
Study Population
Inborn infants with a birth weight <1250 g and born at the MHMC during the study period were included. Transported infants to our
OBJECTIVE:
To determine whether dexamethasone use increases the risk for Candida sepsis ( CS ) in very low birth weight premature infants (< 1250 g ).
DESIGN:
Retrospective chart review of all infants with a birth weight < 1250 g, admitted to the neonatal intensive care unit of the MetroHealth Medical Center, Cleveland, Ohio between January 1, 1996 and December 31, 1999. Infant groups with ( n = 65 ) and without ( n = 229 ) CS were compared.
RESULTS:
Two hundred and ninety four infants with a birth weight < 1250 g were identified. CS was diagnosed at a median age of 18 days, and 6 of 65 ( 10% ) infants died directly from Candida -related complications. Candida albicans ( n = 30, 60% ) and Candida parapsilosis ( n = 14, 25% ) were the predominant isolates. Use of dexamethasone in infants at risk for chronic lung disease before 14 days of age ( p = 0.001 ), duration of antibiotics ( p = 0.001 ), and total duration of parenteral nutrition and intralipid ( p = 0.0001 ) were all significantly greater in infants who developed CS. Regression analysis showed that duration of antibiotics before the diagnosis of Candida infection ( r 2 = 0.69, p = 0.0002 ) and duration of dexamethasone ( r 2 = 0.93, p = 0.0002 ) correlated with Candida infection. Early dexamethasone use was also related to the age at diagnosis of Candida infection ( r 2 = 0.51, p = 0.01 ).
CONCLUSIONS:
Dexamethasone therapy and prolonged duration of antibiotics are associated with Candida infection in premature infants. Original Article
NICU were excluded. Infants who died during the neonatal period and those with lethal congenital and chromosomal anomalies were also excluded. The investigators (D. K. and P. P.) independently reviewed the medical records, placental pathology, microbiology, and available autopsy data of infants who died during the neonatal period to ensure that the immediate cause of their death was not due to Candida sepsis. Neonatal and laboratory databases were utilized to identify possible cases of Candida sepsis during the study period. CS was defined as isolation of Candida species from a blood culture or from a catheterized urine sample. Controls included all other infants with a birth weight <1250 g, born during the study period and without microbiologic evidence of Candida infection.
Data Collection
Infants with and without CS were identified. Standardized forms were used to collect perinatal characteristics (birth weight, gestation, prenatal steroid and antibiotic use, and percentage of mothers with cerclage), postnatal risk factors (duration of assisted ventilation, antibiotics, dexamethasone, parenteral nutrition, intralipid, central line(s), and feeding), and outcome (length of stay and survival) characteristics. Infant age at initiation of dexamethasone, duration, and number of courses of dexamethasone for each infant was noted. Infants in whom dexamethasone was started before 14 days of age were designated as early dexamethasone group and those in whom it was started after 14 days as late dexamethasone group. Age at diagnosis, type of Candida species, days needed to sterilize blood or urine culture, evidence of systemic seeding, serum creatine concentration, cumulative dose of amphotericin, survival and mortality data directly attributable to CS were also documented.
Statistical Analysis
Infants with and without CS were compared. Group comparisons were made for infants with birth weight <1250 g. Statistical analysis was done using GB STAT 6.5 (Dynamic Microsystems, Silver Spring, MD). For discrete variables, chi-square tests and for continuous variables Student t test or Mann-Whitney U test was performed. Multivariate logistic regression analysis was done to control for the effect of birth weight and gestation age. Pearson correlation was performed to determine the relationship between the age of initiation of dexamethasone, duration of antibiotics before the onset of CS, and age when CS was diagnosed. Data presented is either mean±SD or median with interquartile range. Statistical significance was defined a priori as a p value <0.05.
RESULTS
From a total of 294 infants who met the inclusion criteria with birth weight <1250 g, 65 (22%) developed CS. The majority of the infants (n=60, 84%) with CS weighed <1000 g. Infants with birth weight <750 g accounted for (n=35) 53% of cases. The diagnosis was established by isolation of Candida species in the blood or urine culture at a median age of 18 days (25th to 75th percentile, 12 to 27 days). Candida albicans was the predominant isolate (n=41, 60%) followed by Candida parapsilosis (n=14, 25%). The blood cultures became sterile at a median age of 7 days (25th to 75th percentile, 5 to 20 days) after initiation of amphotericin therapy. Renal function and serum creatinine concentrations remained normal during the course of amphotericin therapy in all cases. (Table 2 ). Logistic regression analysis was performed using CS as a dependent variable. After controlling for birth weight, duration of TPN, intralipids, and central lines, days on antibiotics during the first month and initiation of dexamethasone therapy before 14 days of age were found to be significantly associated with CS (Table 3) .
Dexamethasone and Antibiotic Use and Candida Sepsis
A total of 41 of 65 (63%) infants with CS received dexamethasone. Of the 41 infants, 22 (54%) were placed on steroids before the onset of CS. Dexamethasone was begun at a median age of 15 days (12 to 30 days, 95% CI) and CS was diagnosed at a median age of 26 days (18 to 42 days, 95% CI). The median duration of dexamethasone therapy was 40 days (30 to 55 days, 95% CI). On the contrary, infants who did not develop Candida sepsis were placed on dexamethasone at a median age of 20.5 days (15 to 26, 95% CI). Duration of dexamethasone before the confirmation of CS correlated significantly with age the candidal infection was diagnosed (r 2 =0.93, p=0.0002, Figure 1 ). In addition, early dexamethasone use correlated significantly with the age of onset of CS (r 2 =0.51, p=0.01). Duration of antibiotics before the diagnosis of CS also correlated with the age infants developed CS (r 2 =0.69, p=0. 00002, Figure 2 ).
DISCUSSION
This is the first study to show an association between dexamethasone therapy and Candida infection in VLBW infants. Our data shows that 25% of the study infants developed Candida infection, and the majority of these (83%) infants were below the birth weight of 1000 g. In addition to the already well-described risk factors for Candida infection, we noted that dexamethasone therapy and use of dexamethasone during the first 2 weeks after birth is associated with the development of Candida infection in high-risk premature infants. Given the inherent, albeit transient, deficiencies in the humoral and cellular immunity in preterm infants, we predicted that dexamethasone therapy by virtue of its effects on neutrophils and lymphocytes enhances the risk of Candida sepsis in preterm infants. Although, dexamethasone therapy in premature infants has been shown to increase bacterial sepsis and meningitis, 10 there are no reports of increased incidence of Candida sepsis in these infants. Only a single report exists in the literature examining the association between disseminated Candida infections and intravenous hydrocortisone in preterm infants. These authors report that a significantly higher number of infants (10 of 17, 59%) receiving hydrocortisone developed disseminated Candida infection. 15 In our study, 54% of preterm infants were started on dexamethasone before they developed Candida infection. The interval between dexamethasone and diagnosis of Candida sepsis was approximately 2 weeks. The linear positive correlation between the duration of dexamethasone and confirmation of Candida infection supports the argument that dexamethasone use in preterm infants is associated with Candida sepsis. Furthermore, use of steroids in the first 2 weeks after birth is significantly associated with development of Candida sepsis. Alterations in blood cell counts, peripheral blood lymphocyte subpopulations, impairment of the phagocytic ability of neutrophils and inhibition of the cytokine production by the mononuclear cells 16 -20 have been shown to be associated with the use of dexamethasone. These data suggest that dexamethasone therapy impact the immune competence of premature infants and, thus, predispose them to fungal as well as bacterial infections. It is also likely that dexamethasone treatment in preterm infants placed on empirical and prolonged course of antibiotics further accentuates their predisposition to acquire infection by Candida.
Prolonged use of antibiotics has been implicated in the acquisition of CS in premature infants. 21, 22 We noted that a higher proportion of infants in our study received multiple antibiotic courses during the first 30 days after birth for presumed sepsis. In addition, the duration of antibiotics before the diagnosis of Candida infection was significantly greater in infants who subsequently developed CS (Figure 2 ). Although we did not identify association with any particular group of antibiotics, Benjamin et al. 23 have shown that candidemic patients had more exposure to third generation cephalosporins. Multiple antibiotics and for a prolonged period have been proposed to suppress normal flora leading to proliferation of Candida. 24 Antibiotics have also been thought to remove antifungal substances released by other organisms, compete for nutrients, and directly stimulate Candida. In preterm infants colonized with Candida, empirical antibiotic therapy when used in conjunction with dexamethasone enhances tissue susceptibility to invasion and dissemination of fungi. 25, 26 In summary, our data show that dexamethasone use in patients at risk for chronic lung disease and prolonged duration of antibiotics during the neonatal period is associated with CS in VLBW infants. Prophylaxis with antifungal agents, judicious use of antibiotics, and an expedited dexamethasone regimen for infants at risk for chronic lung disease together may reduce the incidence of CS in VLBW premature infants.
